a health-related factor and an indicator of workload in job stress research [4] [5] [6] [7] [8] . However, in a similar manner to hours worked, the number of patients examined may ser ve as an index of quantitative workload among EPs because of the nature of the job. Indeed, several studies showed that the number of patients examined reflects a physicianʼs workload 9, 10) , suggesting that a rise in number of patients examined by physicians could reduce job satisfaction or heighten job stress.
Natural killer (NK) cells are known to defend against tumor cell growth and virus-infected cells.
Level of NK cell function reportedly ser ves as a useful index of overall health status 11, 12) . Numerous studies have demonstrated relationships between level of NK cell function and health-related risk factors in workers. These studies revealed that risk factors for reduced NK cell function, such as a NK cell activity (NKCA), include work itself 13) ; increased workload 14) ; night shift in Japanese nurses 15, 16) ; long working hours among truck drivers 13) , male engineers 17) , and white-collar employees 18) ; sleep deprivation 17) ; a few days off per month in Japanese EPs 19) ; job stress among nurses and university workers 14, 20, 21) ; feelings of job-related fatigue in Japanese nurses 16) ; and poor mental health conditions such as anxiety, burnout, and depression [21] [22] [23] [24] . We considered a reduction in NKCA an important indicator of both job stress reaction and lower immunity in health workers.
In addition, reduced NK cell function has been associated with poor lifestyle factors, including cigarette smoking [25] [26] [27] [28] , reduced daily sleep 17) , sleep disturbances 24, 29, 30) , and disr upted circadian rhythm (high activity in the morning and low activity at night) 29, [31] [32] [33] . Conversely, a healthy lifestyle (e.g., adequate sleep and regular physical exercise) has been associated with increased NK cell function 11, 34, 35) . In many such studies, researchers have utilized NKCA as a health index.
The purpose of the present study was to investigate whether the number of patients examined could serve as an indicator of physiciansʼ workload consequently influencing NKCA. As shown in Figure 1 , we hypothesized that number of patients examined could affect NKCA among EPs.
Longer working hours are associated with reduced NKCA 13, 17, 18) .
Reduction/Increase in NKCA Increased/Reduced number of seriously ill patients examined Disturbed sleep is associated with reduced natural killer cell function 24, 29, 30) . 
Subjects and Methods

Subjects
The study subjects were 34 healthy, non-shift- In 2005, the majority of Japanese EPs who worked in the major tertiary emergency medicine centers were non-shift workers. When they were assigned to night shift, they worked for 32 hours in one cycle, which consisted of a continuous daynight-day shift 19) . In addition, their tasks were to examine seriously ill outpatients in the emergency room, perform urgent operations on traumatic patients, and provide care for seriously ill inpatients in the intensive care unit or trauma care unit (ICU/ TCU) 19) . smoking, and regular hours slept at home), and subjects were asked to complete the questionnaire during their shift. However, we failed to measure job stress of subjects.
NKCA
We collected blood samples from all subjects in the morning (at the beginning of shift) and in the following evening (at the end of shift) and compared NKCA between these two points. An inde- because a large study of a Japanese population (N 3625) showed that differences in individualsʼ cytotoxic activity were most distinguishable when this ratio was used 37) . To prepare samples of effector cells, the laboratory technicians added lymphocytes centrifuged from a 5-ml blood sample (1,800 rpm for 20 min) to phosphate-buf fered saline (PBS), which was then centrifuged at 2,000 rpm for 5 min; the supernatants were aspirated twice. They 
Statistical analysis
We performed all statistical analyses using SPSS The three confounding factors (age, smoking, and job class) and the two independent factors (working hours and number of serious outpatients examined) were excluded in this analysis.
B: partial regression coefficients β: standard partial regression coefficients
Relative to the staff members, the residents examined significantly fewer seriously ill inpatients (p 0.01). No significant differences between the two groups were found in terms of the other workload variables (working hours, resting hours, and number of seriously ill outpatients examined). Table 3 ).
Discussion
The results of the present study suggest three major points. First, NKCA among residents of Japanese EPs may not have decreased because residents were required to examine as a few seriously ill inpatients ( Table 2) . Second, changes in NKCA in Japanese EPs may be influenced by the number of seriously ill inpatients they examined although the effect of circadian rhythm may explain this rela- Among staff members group, this difference in NKCA may be the synergistic effect of circadian rhythm and number of inpatients examined. Among residents group, however, the effect of circadian rhythm may be weaker than the suppression of reduction in NKCA due to examining a few inpatients p < 0.01
Figure 2 NKCA of 34 Japanese EPs
A Wilcoxon signed-rank test was used to compare physiciansʼ NKCA between the beginning and the end of shift.
Among staff members group, this difference in NKCA may be the synergistic effect of circadian rhythm and number of inpatients examined. Among residents group, however, the effect of circadian rhythm may be weaker than the suppression of reduction in NKCA due to examining a few inpatients tionship to some extent (Tables 2 & 3, and Figure   2 ). Finally, the workload factor of examining seriously ill inpatients had a greater influence on the change in NKCA than the confounding factor of sex did ( Table 3) .
While no significant change in NKCA was found in residents, all 34 EPs and 18 staf f members showed a significant reduction in NKCA between the beginning and the end of shift ( Table 2) . This change in all 34 EPs and 18 staff members might be due to the influence of circadian rhythm on NKCA 29, [31] [32] [33] ; it is known that NKCA levels are high in the morning and low in the evening. However, despite the influence of circadian rhythm, residentsʼ NKCA levels were higher in the evening relative to those in the morning. In addition, at the end of shift, residentsʼ NKCA were higher relative to those of staff members ( Table 2 and Figure 2 ). were obser ved between staff members and residents in any of the workload variables (Table 1) .
Therefore, the findings delineated in Table 2 and Figure   2 ). In addition, the results of multiple regression analysis showed that the number of seriously ill inpatients examined was the only workload factor that was significantly associated with lower NKCA among Japanese EPs ( Table 3) .
Results from 2005 showed that Japanese EPs stayed at the hospital continuously for approximately 32 hours; this time consisted of approximately 26-27 hours on duty and 6-7 hours off duty (resting time; Table 1 ). Their resting time was too short considering a high number of hours worked.
In addition, their resting time was not continuous;
it consisted of disturbed and reduced sleep. Because of the relationship between NKCA and workload variables (long work hours, shortened rest, and disturbed naps), we expected that the Japanese EPs in this study would show reduced NKCA, and the changes in their NKCA would be associated with workload factors 13, 17, 18, 24, 29, 30) . However, the results show that the measured workload variables
were not associated with changes in NKCA ( Table   3 ).
This study is subject to four major limitations.
The first is the relatively small sample size. A larger sample is required for conclusive results. The second limitation is the influence of circadian rhythm on NKCA 29, [31] [32] [33] . Ideally, blood samples for NKCA measurement should be collected at three or more additional time points (the evening of the first day of duty, the midpoint of the night of duty, and the morning of the second day of duty, or after a nap or rest). The third limitation is that we did not use standardized job stress questionnaires such as the NIOSH (National Institutes of Safety and Health) Job Stress Questionnaire 38) or the Brief Job Stress Questionnaire 39) to assess subjectsʼ job stress. As the results of this study may have been influenced by stress, the impact of stress must be controlled for in future research. Finally, we used the seven independent variables including the four confounding factors for NKCA in the analysis (stepwise method) even though this study sample was small in size. Previous studies suggested that reduced NK cell function was associated with cigarette smoking [25] [26] [27] [28] , and NKCA declines with age 40, 41) and may be higher in men relative to women 40, 42) . In addition, Nakata et al. 43) reported that, in white-collar employees, the association between job satisfaction and NKCA might be stronger in women than in men. This result also suggests that . Patients with mental health problems are an additional source of job stress for physicians 10) .
Based on our experience, we feel that there is a difference in workload intensity between examining inpatients and outpatients. However, evidence of such a difference had not been previously identified. The present results demonstrate that number of seriously ill inpatients examined is the only workload associated with changes in NKCA; thus, among Japanese EPs, the workload associated with examining seriously ill inpatients may be more demanding than that associated with examining seriously ill outpatients.
Conclusion
First, the present results suggest that residents may not exhibit a reduction in NKCA, because they examine fewer seriously ill inpatients relative to the number of those examined by other Japanese EPs.
Second, changes in NKCA in Japanese EPs may be influenced not only by circadian rhythms but also by the number of seriously ill inpatients examined. 
